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TRANSONIC CHARACTERISTICS OF A SPACE VEHICIE
AND A MULTTIPLE-STAGE ROCKET ASSEMBLY *

By Roy M. Wakefield and Stuart L. Treon

SUMMARY

An investigation in a transonic wind tunnel has been conducted to
determine the static aerodynamic characteristics of models of a final-
stage space vehicle and a multiple-stage rocket assembly. The final-
stage models, which were nose-body-flare configurations, were tested to
determine the effect of nose shape and the effect of the presence of the
rocket booster. The rocket-assembly models were tested to determine the
effect of asymmetric protuberences attached to the booster and the effect
of roll angle. Reynolds number for the final-stage models was 0.58 million
based on body diameter, and for the rocket-assembly models was 0.62 million
based on the booster diameter. The angle-of-attack and Mach number ranges
were about -4° to +11°, and 0.4 to 1.4, respectively. The results are
presented without discussion.

INTRODUCTION

The launch configuration of a multiple-stage rocket assembly must
pass through the transonic speed range in the course of a mission. It is
necessary to know the aerodynamic forces on the final stage in the presence
of the other stages in order to determine the structural requirements at
transonic speeds and to know the aerodynamic characteristics of the complete
launch configuration in order to predict its behavior in transonic flight.

The present investigation of a multiple-stage rocket configuration
was conducted in a transonic wind tunnel (1) to determine the static
aerodynamic characteristics of the final-stage vehicle, (2) to assess the
effect of the presence of the booster rocket on the aerodynamic character-
istics of the final-stage vehicle, and (3) to measure the static aerody-
namic characteristics of the complete rocket assembly. The results are
presented without discussion.




NOTATION

Torebody axial force

forebody axial-force coelficient, 5

rolling moment

rolling-moment coefficient, )

pitching-moment coefficient about moment reference (see figs. 1

pitching moment
gsd

and 2(a)),

normal force
gs

normal-force coefficient,

yawing-moment coefficient about moment reference (see fig. 2(a)),
yawing moment
gsd

side force

side~force coefficient, 3

1

slope of the straight line drawn from Cp at a = 0° to any point

on the Cp vs. a curve

slope of the straight line drawn from Cy at « = 0° to any point
on the Cy vs. a curve

Cm/&

center of pressure,
CN/Q

, diameters from moment reference

vehicle or booster cylindrical body diameter

Mach number

dynamic pressure

cylindrical body cross-sectional area of vehicle or booster
angle of attack, deg

angle or roll, deg




APPARATUS AND MODELS

The investigation was conducted in the Ames 2- by 2-Foot Transonic
Wind Tunnel which is of the closed-circuit, variable-pressure type. This
facility has a perforated test section which permits continuous choke-
free operation at Mach numbers up to 1.k, Additional details regarding
this faeility are presented in reference 1.

The models (figs. 1 and 2) were three final-stage vehicles mounted
ahead of a booster rocket foresection (1-VB, 2-VB, 3-VB), a final-stage
vehicle without the booster rocket (1-V), and two multiple-stage rocket
assemblies (L4-A, 5-A). The final-stage vehicles differed primarily in
nose shape, the shapes being a round-nosed cone, a hemisphere, and a
spherical segment of large radius (the length of the models varied from
3.5 to 4.2 body diameters). The booster foresection was mounted on the
model support sting, independent of the balance and final-stage model
(fig. 1(a)). An electrical device was used to indicate any contact between
the final-stage model and the booster foresection. The rocket-assenmbly
models (fig. 2) were identical except for the external fairings on the
booster. Details of the fairings are shown in figure 2(b). The rocket-
assenbly models were 8.7 booster diameters long and incorporated an
appropriately scaled final-stage vehicle with the blunted conical nose
(1-V). The model roll angle was measured from the stationary positive
normal-force plane of the balance to the center line of fairings 1 and 2
as shown in figure 2(a).

The models were mounted in the wind-tunnel test section on a sting-
supported strain-gage balance of the type shown in reference 1. Photo-
graphs of two of the models are shown in figure 3.

TESTS

The tests were conducted at angles of attack from about -4° to +11°
at Mach numbers from 0.4 to 1.4. The Reynolds number for the final-stage
models was 0.58 million referred to the model body diameter, and for the
rocket-assenbly models was 0.62 million referred to the booster body
diameter. Model roll angles were 0° only for model 4-A, and 0°, 450, 90°,
and 180° for model 5-A. '

Boundary-layer trip wires were attached to the conical noses of
models 1-V, 1-VB, 4-A, and 5-A, as shown in figures 1(a) and 2(a). The
wires were used to insure transition on the forepart of the noses and to
minimize the variatlon in the location of transition on these models.
The trip wires were located in regions where transition would likely




occur at Reynolds numbers of full-scale flight. The wires are believed
to have been effective on the basis of observations of the flow over
similar models of reference 2 at test conditions comparable to those of
the present investigation. For models with more blunt noses, such as
2-VB and 3-VB, little information is available regarding the flow condi-
tions at high Reynolds numbers at transonic speeds. However, in some
unpublished shadowgraphs of a blunt-nosed model in the Ames Supersonic
Free-Flight Range at Reynolds numbers of about 6.5 million at transonic
speeds, there is evidence of extensive laminar flow on the model nose.
Therefore, models 2-VB and 3-VB were tested without trip wires in order
not to interfere with the flow over the model noses.

DATA REDUCTION

The data were reduced to coefficient form referred to the body axes
using the reference areas and lengths indicated in figures 1 and 2. For
the forebody coefficients, the measured axial forces were adjusted to
account for the difference between the base pressures and an assumed
condition of free-stream static pressure acting at the base of the model.

The angles of attack were corrected for deflection of the balance
and sting under aerodynamic loads. Stream-angularity corrections are
negligible. No corrections have been made for possible interference
effects of the perforated test-section walls. Buch effects are believed
to be small in view of the results of tests of sharp- and blunt-nosed
bodies reported in the appendix to reference 2.

In addition to the possible systematic errors resulting from
neglecting some of the above effects, certain random errors exist which
influence the precision, or repeatability, of the results. The estimated
average deviations of values of Mach number, angle of attack, and the
aerodynamic coefficients were as follows:

M *0.003 Cp  #0.012
a +0.1° Cy  *0.002
Cyy +0.00k Cn +0.,00%

Cm +0.00k Cy +0. 00k

Ld AN RNY b
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RESULTS

Results of the investigation are presented as follows:

Models Data presented Figures
1-VB, 2-vi3, CyNs Cpm, and Cp vs. @ 4 through 9
end 3-VB %?, c.p., and CAa;OO vs. M
1~VB and 1-V | Cy, Cp, and Cp vs. @ 10 through 15

%g, c.p., and CAa=OO vs. M
4-A and 5-A | CN, Cm, Cas Cy, Cns 16 through 2k
and Cy vs. a

c
A, c.p., and Chggo V- M

Aerodynamic hysteresis has been observed for blunt-nosed bodies
(refs. 3 and 4) similar to the final-stage model 3-VB. The hysteresis,
which is associated with separated flow, can be detected by increasing
and then decreasing angle of attack over a particular angle range. The
occurrence of hysteresis for the models of this investigation was not
determined, since data were obtained for increasing o only. However,
on the basis of results presented in reference 4, aerodynamic hysteresis
would not be expected on models 1-VB or 2~VB.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., Feb. 8, 1960
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Figure 7.~ Effect of vehicle nose-shape on the variation of normal-force
parameter at selected angles of attack for vehicle models in the pres-
ence of a simulated booster rocket.
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ence of a simulated booster rocket.
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Figure 22.- Effect of asymmetric protuberances and model roll angle on
the variation of normal-force parameter at selected angles of attack
for rocket assembly models.
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Figure 23.- Effect of asymmetric protuberances and model roll angle on
the variation of center of pressure at selected angles of attack for
rocket assembly models.
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